Physicochemical treatment efficiency for unrestricted urban water reuse was evaluated at a conventional activated-sludge wastewater treatment plant (WWTP). Pilot plant set-up consisted of an alum coagulation step, granular media upflow flocculation and direct downflow dual-media filtration followed by ultraviolet disinfection (dose of 95 mJ cm À2 , suggesting unrestricted reuse), solids breakthrough in filtrate was observed. Microorganism removal rates were: total coliforms 60.0%, Escherichia coli 63.0%, Giardia spp. 81.0%, and helminth eggs 62.5%; thus organisms still remained in filtrate.
INTRODUCTION
Water reuse plays an increasingly important role in sustainable water resources management. High demographic and economic growth rates and fast urbanization observed in many parts of the world impose high pressure on natural resources leading to qualitative and quantitative shortage scenarios. In order to mitigate water scarcity issues, wastewater reclamation and reuse is one among several interesting alternatives to reduce pressure on the aquatic environment. Reclaimed wastewater has been applied predominantly in agricultural irrigation, landscape irrigation, industrial recycling and reuse, and groundwater recharge (Huertas et al. ) . Reclaimed water availability from engineered systems for non-potable use can help to preserve natural sources and relieve urban water supply system. Pathogen removal efficiency of wastewater treatment plants must be optimized in order to assure safe reuse practices, as for irrigation. In addition, to protect receiving waters, eventually the major source of water to supply systems downstream (unplanned indirect potable reuse taking place). Unexploited natural resources sometimes are far away from large consumption centers, reinforcing a need for microbiologically safe reclaimed water (Graczyk & Lucy ). 
MATERIALS AND METHODS

Samambaia WWTP
The experimental investigation was carried out in a filtration pilot plant installed at Samambaia WWTP, Campinas city, Southeast Brazil (22 W 56 0 00″S/47 W 00 0 00″W). The activatedsludge plant has a nominal flow rate of 150 L s À1 . WWTP effluent major quality parameters are shown in Table 1 .
Pilot plant
The tertiary advanced wastewater treatment pilot plant (IDEXX Laboratories, Inc.) was applied, using IDEXX Enzymatic Defined Substrate Technology®, according to the manufacturer's instructions.
Detection and quantification of Giardia spp. cysts and Cryptosporidium spp. oocysts Samples were grabbed from point A (2,000 mL) and points B and C (4,000 mL) and were examined for protozoa after The criteria considered in this study to identify cysts/ oocysts were based in the Method 1623.1 (USEPA a).
The estimate of the number of cysts/oocysts per liter was computed using the formula
where X ¼ cyst and oocyst concentration (number of cysts and oocysts per liter); n ¼ number of cysts and oocysts;
v ¼ volume of the aliquot (mL); s ¼ volume of the sediment (mL); and V f ¼ filtered volume of sample (L).
Detection and quantification of helminth eggs
For the quantitative analysis of helminth eggs in treated wastewater (samples A and D), the Mexican Official Norm methodology NOM-001-ECOL (México ) was used.
Briefly, a 1 liter volume sample (A and D) was twice left for sedimentation for 24 h. The sediment was then transferred to 15 mL centrifuge tubes and centrifuged at 400g for 3 min.
The pellet was re-suspended in 9 mL of ZnSO 4 (d ¼ 1.3) and again centrifuged at 400g for 3 min. The supernatant was pooled and diluted with distilled water for additional sedimentation (24 h). The sediment was homogenized and transferred to centrifuge tubes (15 mL). The pellet was re-suspended in 2.3 mL 0.1 N H 2 SO 4 in 33-35% ethanol and 1.5 mL of ethyl ether (centrifugation at 600 × g for 3 min), resulting in two tubes for each sample, both with 1 mL of sediment stored in a microcentrifugation tube.
The helminth eggs/larvae concentrations were estimated as follows:
where C ¼ helminth eggs/larvae concentration (number of eggs or larvae per liter); N ¼ number of eggs; v ¼ volume of the aliquot (mL); s ¼ volume of the final sediment (mL);
and V i ¼ initial volume of sample (L).
UV efficiency for total coliforms, E. coli and helminth eggs inactivation
The same protocol used for total coliforms and E. coli detection was used for evaluation of UV light efficiency in the inactivation of these parameters. To accomplish this, C samples aliquots were evaluated after being submitted to disinfection by UV light (D).
The viability of helminth eggs was evaluated using the Trypan Blue staining method (Victorica & Galván ) .
Briefly, 6 μL aliquots of samples were examined in triplicate after staining with 6 μL of 0.1% Trypan Blue on slides and examined by optical microscope. Unstained eggs are considered viable while blue stained eggs are considered nonviable. The modified method of incubation plate was also performed (USEPA ). Briefly, the pellet (1 mL) remaining in the tube is placed in a Petri dish with filtered water (2 mL) and incubated at 27 W C for 15 days. Small portions of each sample were daily microscopically examined for larvae observation.
RESULTS AND DISCUSSION
Sample C turbidity ranged from 0.4 to 3.6 NTU (mean value 1.3 NTU, consistently <2 NTU, USEPA (b) suggested guideline criteria for unrestricted urban reuse). Turbidity removal efficiency ranged from 60.9 to 83.7% (sample A and sample C). No statistically significant difference (p < 0.05) was observed between organisms and mean turbidity concentrations after filter ripening (B) and stable operating condition (C). Sample C maximum SST value was 15 mg L
À1
(consistently <30 mg L
, USEPA criteria for urban reuserestricted). BOD maximum observed value was 8 mg L
(consistently <10 mg L À1 ).
Removal of total coliform and E. coli
Comparing samples A and C, the concentration difference for total coliforms was 3 × 10 4 MPN/100 mL with a mean removal rate of 0.40 log. The average removal rate of E.
coli was 0.43 log (1.3 × 10 4 MPN/100 mL of concentration difference between samples A and C) (Figure 2 ).
Removal of Giardia spp. and Cryptosporidium spp.
An average concentration of 620 cysts per liter of Giardia spp. (ranging from 500 to 800 cysts per liter) was observed in the influent samples and in the filtrated effluent samples the average concentration was 108 cysts per liter (ranging from 37 to 260 cysts per liter). These results indicate that the average removal of cysts by the direct filtration process was about 82.5%. Although the removal rate attained in this study was high, the remaining concentration in filtered effluent can be considered high ranging from 25 to 430 cysts per liter (Table 2) .
Cryptosporidium spp. oocysts were observed in just one sample of influent (concentration of 50 oocysts per liter), and were not detected in the filtered effluent; for this reason, the oocysts removal rate could not be determined.
Removal of helminth eggs
The average filtrated effluent concentration observed was 50 helminth eggs per liter. When the average concentration of helminth eggs for the four independent experiments is considered, the removal efficiency was 62.5% using the Trypan Blue staining methodology. The removal rate of helminth eggs is shown in Table 2 .
The removal rates obtained in this study found that the addition of particulate matter was correlated with a statistically significant reduction in C. parvum and G.
muris inactivation of 0.8 log and 0.4 log, respectively, even after the fluence was adjusted for increased absorbance due to the presence of particles. These results indicate that the particulate matter present in natural surface waters may interact with oocysts and cysts and thereby result in a reduction in UV inactivation over and above that attribu- The high values of total coliform, E. coli, Giardia spp.
Cysts, and helminth eggs in the filtrated effluent samples (sample C) reinforce the importance of a proper disinfection step to provide tertiary effluent for reuse applications without representing a public health threat.
According to USEPA (b) the final effluent (1 to 2 fecal coliform/100 mL) is not suitable for unrestricted urban reuse (non-detectable).
When the helminth eggs parameter is considered, the WHO guidelines () recommends densities lower than 1 egg per liter. As the average concentration found in this study for the tertiary treated effluent (after UV disinfection) was much higher than this recommendation (50 eggs per liter), the tertiary effluent produced could not be used for irrigation of crops that are likely to be eaten uncooked, or used at sports fields, public parks, and other areas where there is public access.
Due to occurrence of cysts of Giardia spp. in some treated wastewaters intended to be used as reclaimed water, Hachich et al. () concluded that studies should be conducted to establish pathogen quantitative criteria for a future Brazilian water reuse regulation.
CONCLUSIONS
The rates of organism removal obtained in this study were quite limited (total coliforms, 60.0%; E. coli, 63.0%; Giardia spp., 81.0%; and helminth eggs, 62.5%), corresponding to less than 1-log efficiency, and a remarkable number of organisms still remained in the treated wastewater. UV disinfection efficiency was 4.1-and 3.8-log for total coliforms and E. coli, respectively. Larvae presence denoted that UV inactivation of helminth eggs was not completely efficient.
It is important to emphasize that the present quality requirements for wastewater reuse do not limit the presence and/or the concentration of protozoa. Considering the survival of these pathogens in the environment, the tertiary effluent obtained in this study presents a risk to public health if destined for reuse in localities with public access.
Findings reinforce direct filtration high dependence on adequate coagulation. Laboratory-scale alum optimum dosage (10 mg L À1 ) was not effective in pilot plant processes under challenged operating conditions and filtration could be improved by changing the chemistry of the system.
Organic content is known to increase colloidal particles and microorganisms' stabilization, which would demand higher amounts of coagulant that reduce filtration run duration making the proposed system not feasible.
The authors conclude that the low quality of treated wastewater generated at the activated-sludge WWTP during the current study resulted in not very efficient physicochemical tertiary treatment.
